Abstract. Plants have been considered as a significant source of drugs since ancient times. Secondary metabolites derived from plants have revealed therapeutic properties. Artemisinin and its derivatives are the most famous terpenoids in the Asteraceae family. Nowadays, numerous attempts have been done to improve the production rate of these kinds of terpenoids in biotechnological procedures which most of them are allocated to hairy root cultures using Agrobacterium rhizogenes (A4, A7, Ar15834, Ar9534, Ar9402, Ar318 and Ar50). In this study, we tried to investigate the effect different strains of A. rhizogenes on frequency of hairy root induction in A. annua. Explants were prepared from leaves of A. annua. Then they were soaked in A. rhizogenes solution to be infected. They were cultured in MS medium for 14 days. For decreasing plant necrosis, two different concentrations of 0.1 and 0.5 % were added to the medium as antioxidant. For hairy root induction approve, PCR method was applied. Hairy roots were obvious in plantlets on ½ MS medium culture. The presence of T-DNA in different transformed lines of hairy roots was investigated by PCR. The results indicated that making 0.5 % ascorbic acid MS Medium will lead to a dramatic decrease (about 80 %) in plantlet's browning. In addition, the highest and lowest transformation rate of 79 % and 24 % were yielded, infecting the leaf explants of A. annua by A7 and Ar318 strains respectively. To sum it up, it was shown that all mentioned strains are capable to induce hairy root in A. annua by the help of ascorbic acid as an inhibitor for plantlet's browning. Because of hormone-autotrophic feature and great lateral branches of hairy roots, the induced hairy roots of A. annua can be applied to increase artemisinin production in pharmaceutical industry.
Introduction
Drugs derived from plants comprise important sources of medicines [SHAKERAN et al., 2014] . Terpenoids constitute the broadest spectrum of natural products and are a rich source of compounds for drug discovery. [HUANG et al., 2012] . Based on the number of the building blocks, terpenoids are commonly classified as monoterpenes (C 10 ), sesquiterpenes (C 15 ), diterpenes (C 20 ), and sesterterpenes (C 25 ) [WANG et al., 2005] . These kinds ofterpenoids usually are isolated from several members of Asteraceae family [YAOITA et al., 2012] .
These chemicals display a wide range of biological activities against cancer, malaria, inflammation and a variety of infectious diseases (viral and bacterial) [WANG et al., 2005] . Artemisia annua, one of the most prominent species of Asteraceae family had been consumed for malaria treatment in traditional china medicine for a long time [KLAYMAN et al., 1984] .
One of the most marked compound of this plant is artemisinin, which is a kind of sesquiterpene lactone with an over active endoperoxide group, responsible for anti-malarial effect.
The anti-inflammatory, anti-cancer and above all anti-parasitic effects have changed this compound to a multifunctional pharmaceutical [KLAYMAN, 1985] .
The low yield of this substance (3 kg artemisinin is extracted from every dried ton of this plant) from A. annua is an overwhelming serious limitation for commercialization of this drug.
So, improvement for artemisinin production is very appealing and pleasant in both plant cell/ tissue cultures and in intact plant.
This issue is possible by taking a keen overview through biochemical pathways of artemisinin production and modulation of these pathways by internal and external factors [ABDIN, 2003 , BUTNARIU, et al., 2012a , BUTU, et al., 2014a , BUTNARIU, et al., 2016 .
The Agrobacterium rhizogenes, having the potential for hairy root induction as an increment strategy for secondary metabolite production plays a major role in fulfilling our needs for secondary metabolites.
Hairy roots display features such as rapid growth, low doubling rate, easy genetic manipulation, high potential for secondary metabolite production and growth capability in fermenter.
These traits have changed them to a continual source for production of significant secondary metabolites like secondary metabolites with pharmaceutical value and capable for being commercialized. Nowadays, exploiting of hairy roots cultures for more production of invaluable plant pharmaceuticals is expanded [GIRI et al., 2007] .
A. rhizogenes presents a role to integrate a T-DNA from root-inducing (Ri) plasmid into plants genome.
The T-DNA possesses a group of linked genes that encode the enzymes for control of auxin and cytokinin production. The new hormonal ratio can lead to hairy root induction [SHAKERAN et al., 2014 , BUTNARIU, et al., 2012b , BARBAT, et al., 2013 , BUTNARIU, et al., 2015b .
The hairy roots induced from the transformation of A. annua with various A. rhizogenes strains led to different artemisinin yield, and in some cases higher than natural roots [WEATHERS et al., 1994; PUTALUN et al., 2007 , BUTNARIU and GIUCHICI, 2011 , BUTU, et al., 2014 .
In future, it is expected that the international demands for this drug could be met and its production capacity could be increased by means of biotechnological procedures.
In the present study, improvement for induction of hairy roots is under survey by applying various concentrations of ascorbic acid and measurement for the frequency of transformed roots.
Material and methods

Plant material
The mature seeds (Iranian Biological Resource Center, IBRC) of A. annua were surface-sterilized by soaking NACLO 2% (v/v) for 5 min and then immerged in ethanol 70% (v/v) for 1 min and were washed three times with sterile water. Such treated seeds were cultured on MS medium at pH 5.8 supplemented with 30.0 g/l sucrose and 7.5 g/l agar, at a temperature of 25±1°C and photoperiod of 16-h light: 8-h dark [SHAKERAN et al. 2014] .
Bacteria strains
Seven strains of A. rhizogenes (A4, A7, Ar15834, Ar9534, Ar9402, Ar318 and Ar50) were applied in the experiment which were provided by Bu-Ali Sina University (Hamedan, Iran). A small clone of one strain of the A. rhizogenes was cultured in solid LB medium (ingredients: 10 g tryptone, 5 g yeast extract and 10 g NaCl dissolved in 1 L ddH 2 O).
The medium was supplemented with 50 mg/l rifampin and was kept at 28ºC and dark in incubator. One clone of these cultured bacteria were put in liquid LB medium and kept on shaker incubator in 120 rpm to obtain an optical density 600 nm of 0.6 (OD 600=0.6) [QING et al., 2000; PIRIAN et al., 2012] .
Hairy root induction and optimization for its culture
After germination of the seeds and growing to obtain 10-days-old plants, it was about the time to prepare 5-6 mm plantlets for infection with A. rhizogenes (10 mL of liquid LB, OD 600 =0.5). Then, the infected explants were co-cultivated on ½ MS medium culture for 24h in germinator.
After this period of time, the explants were transferred into ½ MS medium containing 500mg/l cefotaxime for elimination of extra bacteria.
As negative controls, some of the explants were not infected by bacteria [SHAKERAN et al., 2014] .
Plantlets release phenolic compounds because of injuries, leading to browning.
For inhibition of this issue, 0.1 % (1 mg ascorbic acid was added to 1 liter MS medium) and 0.5 % (5 mg ascorbic acid was added to 1 liter MS medium) ascorbic acid MS medium were produced [ABDELWAHED et al., 2008] .
All experiments were carried out in triplicate and then analyzed variance with SPSS (version 21) software using the univariate procedure at P < 0.05 level.
Molecular prove for hairy root induction
CTAB method was exploited to extract genomic DNA of roots. The genome of uninfected roots was considered as negative controls. The plasmid DNA of A. rhizogenes was isolated by Sam brook procedure. The integrated T-DNA was determined by PCR in transformed roots. The PCR primers (forward/reverse) were exploited for amplification cycles of rol B gene.
The sequence of the primers was: Forward primer
Reverse primer
The optimized PCR conditions contained 2 ng of plant DNA (with a 2 μL volume), 2.0 μL of 10× Taq buffer, 0.4 μL of 10 mMdNTPs, 0.5 μL of 5 Units/ μL Taq DNA polymerase, 2.0 μL of 50 mM MgCl 2 , 1 μL of 1 mM from each primer, 11.1 μL of sterile ddH 2 O and the total volume made 20 μL. Thirty five thermal cycles were performed by PCR where each cycle included of 94 o C (1 min), 58 o C (1 min), and 72 o C (1 min) [SHAKERAN et al., 2014] .
Results and discussion
Optimization of hairy root culture
The results indicate that application of two different ascorbic acid (0.1 % and 0.5 % ascorbic acid mediums) had been effective on browning reduction of plantlets.
According to data analysis, the best antioxidant effect was addressed to 0.5% ascorbic acid in comparison to others (Figure 1 ).
It should be mentioned that all explants had faced with browning after 5-4 infection with A. rhizogenes in antioxidant-free mediums. Different alphabets were used to show the significant differences in mean values for each parameter using Duncan's test (P < 0.05).
Hairy root induction in A. annua
After infecting the explants by different strains of A. annua, almost all explants went to black and brown color, showing symptoms of browning and consequently, appearance of hairy root was not successful.
Hairy root was observed within 3-4 weeks after infection by bacteria. Almost 10 out of 100 infected explants succeeded to produce hairy roots.
Morphologically speaking, there is an obvious difference with natural roots and transformed ones.
Hairy roots burst out of a wound surrounded by soft callus irregularly ( Figure 2) .
The hairy root appearance was suitable and efficient by some strains (A7 up to 79 %) but in contrast, some strains were incapable (Ar318 less than 24 %). 
Molecular confirmation of hairy roots
The gel-agarose electrophoresis of PCR products was observed by gel doc system (model: Essential D77; made by UVI-tech). The positive control (plasmid), 3) DNA isolated from hairy roots induced by Ar15834, 4) DNA isolated from hairy roots induced by A7, 5) DNA isolated from hairy roots induced by Ar318, 6) DNA isolated from hairy roots induced by Ar50, 7) DNA isolated from hairy roots induced by Ar9402, 8) DNA isolated from control sample, 9) DNA isolated from hairy roots induced by A4.
Comparison of the frequency of hairy roots induced by different A. rhizogenes
The frequency of hairy root production induced by strains of A. rhizogenes in A. annua was compared with root production in control explants.
According to the results derived from Figure 4 , the frequency of hairy root production in infected explants were so high (90.56 %) in comparison to control samples.
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The highest percentage of transformation was allocated to A7, while the lowest one was addressed to Ar318. Each bar indicates the frequency of induced hairy roots by different strains of A. rhizogenes. Different alphabets were used to show the significant differences in mean values for each parameter using Duncan's test (P < 0.05). One of the biggest problem of tissue culture especially for plant explants is browning of the explants on the medium, leading to the death of tissue. So, at first it is vital to inhibit and control this incident by introducing a procedure.
As mentioned before, the explants of A. annua face with a dramatic browning. The release of high amount of phenolic compounds from wounds and oxidation of these chemicals by polyphenol oxidase enzyme can attribute to the browning of plant tissues.
This pass way is a common mechanism to defend against stresses and oxidative processes in all plants. The enzyme activity of the mentioned enzyme is increased under stress conditions extremely [KRISHNA et al., 2008] .
Since The browning of the explants started from the wound site and spread over the explant thoroughly. Numerous studies already have been conducted to inhibit browning of the plantlets such as heat shock [SALTVEIT, 2000] , inhibition of involved enzymes in phenolic metabolism [TOMAS-BARBERAN et al., 1997 , BUTU, et al., 2014b , CAUNII, et al., 2015 , BUTNARIU, et al., 2015a , exposure of explants to alcoholic compounds [CHOI et al., 2005] and application of nitrite oxide and ascorbic acid in medium [LI-QIN et al., 2009] .
Antioxidants act as inhibitors of oxidative process and play role as trapper of free radicals. Furthermore, they help free radicals to change to some species of free radicals with less activity, leading to inhibition of phenolic compounds and browning. Plants have developed their antioxidant system as a strategy against oxidative stresses [KRISHNA et al., 2008 . BUTNARIU and BOSTAN, 2011 , BUTU, et al., 2015 , BUTNARIU, 2012 .
In a search done by Indra and Uppeandra, the browning of explants was decreased to 79.61 % in medium of Myrica esculenta with 0.5% PVP [BHATT and DHAR, 2005] .
In a part of the study, the effect of some antioxidants such as citric acid and ascorbic acid (0, 25, 150 and 225 mg/L) was assayed in the medium of Litchi in two formats (applying individually or in combination).
The results revealed when ascorbic acid or citric acid are applied to the medium individually, they cannot inhibit the browning while they are so effective when they are in different combination with each other [PLUCHOOA, 2005 , BUTNARIU, et al., 2005 , PETRACHE, et al., 2014 .
In the present study, two different concentrations of ascorbic acid (0.01 % and 0.05 %) were used to inhibit the browning of A. annua's explants in medium that led to inhibition of browning proportionally, revealing positive effects in comparison to other methods [BHATT and DHAR, 2005 , BUTNARIU, et al., 2006 , IANCULOV, et al., 2004 . This means that the explants remained fresh and green during co-cultivation and there is a possibility for hairy root induction in the plantlets.
Data analysis presented that the most optimum condition for inhibition of browning is 0.05 % ascorbic acid medium, decreasing the browning rate to half in comparison to the controls. 0.01 % ascorbic acid was suitable too and could protect the explants against oxidative stress significantly.
To sum it up, the browning rate of control samples was too much high in comparison to those samples which were cultured in the antioxidant-containingmedium. The preference of plantlets over the intact plant is because of the high frequency production of hairy roots and the high possibility of hairy root induction due to large infection surface of the explants. The induction of hairy roots in explants of A. annua by infection of Ar15834 [PUTALUN et al., 2007] , k599, Ar9402, Ar9356 and Ar9340 [GIRI et al., 2003] have been reported. In the study performed by Giri and his coworkers (2003), the effects of different strains of A. rhizogenes on artemisinin yield and the frequency of hairy roots were investigated, revealing the highest artemisinin yield by Ar 9356.
In the present study, the frequency of hairy root production by different strains of A. rhizogenes was assayed in explants of A. annua (Figure 4) . In fact, the rise of the frequency of hairy roots means increase in the plant biomass and as far as the increase of biomass have a direct relation with the increase of secondary metabolites, in this article the frequency of hairy roots have been used to find any correlation with yield of artemisinin.
All of 7 strains of A. rhizogenes have potential to induce hairy roots in this plant.
According to Figure 4 , A7 has the highest and Ar318 the lowest frequency for hairy root induction respectively.
Probably this difference is because of the great difference in pathogenesis and also involved transforming genes that consequently lead to the difference in the frequency of hairy roots and artemisinin yield [GIRI et al., 2003] . 
Conclusions
